Six experiments investigated how 4.5-month-old infants' perception of a display is affected by an immediate prior experience with an object similar to part of the test display. Prior research (A. Needham & R. Baillargeon, 1998) showed that when infants see an object alone and then see it next to a novel object, this prior experience allows them to determine the location of a boundary between the two objects. The present experiments investigated whether infants would also use an object similar, but not identical, to a test object in the same kind of task. The results indicate that infants' use of a prior experience is disrupted by changes in the features of the object, but not by a change in its spatial orientation. These findings suggest that, like adults, infants may expect that changes in the features of an object are associated with a change in the identity of the object, but do not have the same expectation for changes in spatial orientation.
Imagine the task faced by a young infant who peers into the kitchen "junk drawer" for the first time. The infant may be faced with a dazzling array of unfamiliar objects in a jumbled, complicated layout. While the adult holding the baby sorts through the contents of the drawer with his or her free hand, the baby notices a pacifier that somehow made its way into the drawer. In a situation such as this one, the contents of the crowded drawer may seem like one tangled mass, but the familiar object immediately stands out as a separate item with clear boundaries. It is this interplay between object recognition and the finding of a boundary between two adjacent objects (this latter process is also known as object segregation) that is investigated in the present research.
OBJECT SEGREGATION IN INFANCY
How do infants find the boundaries around objects? Prior research has examined infants' use of a number of different kinds of information in accomplishing in which a gloved hand took hold of the cylinder and moved it a short distance to the side. Half of the infants saw the box move with the cylinder when it was pulled (Move-together event), and half saw the cylinder move away from the box, which remained stationary throughout the event (Move-apart event). The authors reasoned that the infants would look longer at the event that was counter to their interpretation of the display: If they had seen the cylinder and box as comprising a single unit, they would look longer at the Move-apart than at the Move-together event, and if they saw the cylinder and box as separate units, they would show the opposite looking pattern.
Instead of showing either of these patterns of results, however, the infants looked about equally at the two test events, suggesting that the infants perceived the display as neither a single unit nor as two separate units, but as indeterminate (a finding similar to that reported by Kellman & Spelke, 1983) .
1 This pattern of equal looking at the two test events was also obtained in infants who had received no familiarization at all prior to seeing the test events.
In subsequent experiments, Needham and Baillargeon (1998) asked whether infants this age would make use of a brief prior exposure to a portion of the display (i.e., either the cylinder alone or the box alone) to aid in their segregation of the cylinder-and-box display into two separate units. In these studies, the infants were shown the box alone or the cylinder alone during a brief familiarization trial that was given in place of the original longer familiarization trial in which the infants saw the adjacent cylinder and box. Their results showed that a 5-s exposure to the box alone or a 15-s exposure to the cylinder alone allowed infants to segregate the adjacent cylinder-and-box display into two separate units. This interpretation of the results was supported by (a) the results of the initial experiment, in which infants looked equally at the test events after being familiarized with the entire display, and (b) the results of an additional control condition, in which the infants received no familiarization before seeing the test event and again showed no preference for either test event. Further studies have shown that the effects of prior experience last over a period of at least 24 h (Needham & Baillargeon, 1998; Needham & Modi, 1999) .
These results show that infants' prior experience with an object facilitates their segregation of a display containing that object on a subsequent encounter. Does this mean that infants recognized the previously seen object and that this recognition was what provided the facilitation of the segregation process? RECOGNITION AND SEGREGATION 5 1 The results of additional studies (Needham, 1999; suggest that the current finding is part of a developmental progression in infants' ability to use object features to segregate adjacent objects. Younger infants show evidence of ignoring object features as indicators of object boundaries (leading to a preference for the Move-apart event), and older infants show evidence of using object features as clear indicators of object boundaries (leading to a preference for the Movetogether event). This progression is completely consistent with the prevailing view of the development of infants' ability to see the visible portions of a center occluded object as connected (e.g., Slater et al., 1990 ; see also Johnson, 1997) .
OBJECT RECOGNITION IN INFANCY
Various aspects of object recognition in infancy have been investigated by a number of researchers (Bhatt, 1997; Bhatt & Rovee-Collier, 1994 , 1996 Cornell, 1979; Fagan, 1970 Fagan, , 1971 Fagan, , 1973 Fagan, , 1974 Lasky, 1980; Martin, 1975; Rose, 1980 Rose, , 1981 Rose & Slater, 1983; Rovee-Collier, 1993 Rovee-Collier & Hayne, 1987; Rovee-Collier & Sullivan, 1980 ) . The work of Rovee-Collier and her colleagues has shown that infants' memories of objects are highly detailed and last in some form over a period of days or weeks, depending upon the age of the infant (Rovee-Collier, 1993 Rovee-Collier & Hayne, 1987; RoveeCollier & Sullivan, 1980) .
To investigate infant memory, Rovee-Collier developed the "mobile conjugate reinforcement paradigm," in which infants are allowed to learn that a foot kick produces movement in a mobile hanging above their crib. She and her colleagues have shown that infants as young as 2 months of age who are trained with one mobile fail to respond in test 24 h later when the mobile contains more than one changed object. Although our bias might be to think of infants' memories of the objects and events in their world as vague or inaccurate, a number of studies have now shown that this is far from the truth (see Bhatt, 1997, and Rovee-Collier, 1997 , for reviews of this research). Infants notice even very small changes in a display, and these changes seem to disrupt recognition and, in turn, infants' response to the mobile.
The related question for the present research is whether infants' segregation of the test display benefits from a prior exposure to a box only when this prior exposure leads them to recognize the test box as an object they have seen before. One way to begin to address this question is to find out what kinds of prior experiences facilitate infants' segregation of the test display and which do not. As in the work of Rovee-Collier and her colleagues (e.g., Rovee-Collier, 1993; , one could introduce changes in the display between the first and second phases of the experiment (training and test in Rovee-Collier's paradigm; familiarization and test in the present paradigm) and compare the infants' responses in the changed conditions to each other or to those conditions in which no changes were made.
This strategy promises to address important questions such as How specific a match is required between the stimulus seen in the first and second phases of the experiment in order for infants' segregation of the test display to be facilitated? If infants require a very close match between familiarization and test boxes, we may be inclined to believe that successful segregation of the test display in this context is mediated by recognition of the previously seen object. In contrast, if prior exposure with any object of the same size or shape was sufficient to facilitate segregation of the test display, we may be more tempted to suggest that some kind of visual priming was responsible. Furthermore, if we determined that certain object changes (e.g., changes in object features such as color and pattern) seemed to interfere with infants' segregation of the test display and other changes (e.g., object orientation) did not, we could compare this pattern of response with adults' object recognition and identify similarities and differences.
The test events seen by the infants in all six experiments in this article were exactly the same, but each experiment differed in the experience the infant received prior to seeing the test events. Like the previous research described above, it was predicted that if the infants used this prior experience to segregate the test display into two separate units, they would look reliably longer at the Move-together than at the Move-apart test event. In contrast, if the infants did not apply the prior experience to the segregation of the test display, they should see the test display as ambiguous (as the infants did who received no prior experience with a portion of the display) and look about equally at the Move-apart and Move-together events. Although other interpretations of these patterns of looking behavior are possible, the interpretation offered above has considerable empirical support Needham, 1998 Needham, , 1999 Needham, , 2000 Needham & Modi, 1999) and is the focus of the data interpretation in the present research.
EXPERIMENT 1
In Experiment 1, the infants were given an initial brief (5-s) exposure to a box that was highly similar to the test box. The only difference between the familiarization and test boxes was one subtle feature-the shape of the texture elements on each box. The test box was a rectangular blue box decorated with white squares, and the familiarization box was a blue box of the same size and shape but decorated with white circles (the white circles box). Following the procedure of prior research (Needham & Baillargeon, 1998) , the infants were then shown a test event consisting of the adjacent cylinder-and-box display that was being moved by a gloved hand. Half of the infants saw the box move with the cylinder when it was pulled (Move-together event), and half saw the cylinder move away from the box, which remained stationary throughout the event (Move-apart event) .
If the infants used this brief exposure to the white circles box to segregate the adjacent cylinder-and-box display, they should see the test display as composed of two separate units and look reliably longer at the Move-together than at the Move-apart event. If the infants did not use this brief prior exposure to the white circles box to segregate the cylinder-and-box display, the infants should look about equally at the two test events.
Method

Participants
Participants were 16 infants (8 females, 8 males), ranging in age from 4 months, 8 days to 5 months, 7 days (M = 4 months, 24 days; SD = 10.3). Half of the infants saw the Move-apart test event (M = 4 months, 28 days; SD = 9.3) and half saw the Move-together test event (M = 4 months, 19 days; SD = 9.7). Data from three additional infants were collected and eliminated, two due to procedural error, and one due to observer disagreement regarding the infant's direction of gaze. RECOGNITION AND SEGREGATION Infants' names in this experiment and the following experiments were obtained from the Durham County (North Carolina) vital records office. Approximately 75% of the infants were Caucasian, with the remaining infants being Asian, African American, Hispanic, or Other. Parents were contacted via letter and follow-up phone call to schedule an appointment. Parents were reimbursed for their travel but not compensated for their participation.
Apparatus
The apparatus consisted of a wooden cubicle 200 cm high, 106 cm wide, and 49.5 cm deep. The infant faced an opening 56 cm high and 95 cm wide in the front wall of the apparatus. The floor of the apparatus was covered with pale blue cardboard with a clear Plexiglas cover (this allowed the felt-bottomed objects to move smoothly and silently across the apparatus floor). The side walls were painted white and the back wall was covered with brightly patterned white contact paper.
At the start of the test event, a zigzag-edged cylinder and a rectangular box stood side by side on the floor of the apparatus. The cylinder was 22 cm long and 10 cm in diameter. It consisted of a section of clothes dryer vent hose that was stuffed with Styrofoam so that it was rigid and formed a modified "C" shape with its ends curved slightly forward. The left end of the cylinder was covered with cardboard; the right end was covered with a thin metal disk. The entire cylinder was painted bright yellow. The box was 35 cm high, 13 cm wide, and 13 cm deep. It was made of foamcore and was covered with bright blue contact paper decorated with small (approximately 1.5 cm on a side) white squares. One of the box's corners faced the infants. The left rear wall of the box (not visible to the infants) had a magnet inset 3.5 cm from the bottom. The cylinder lay on the floor of the apparatus with its right, metallic end set against the box's bottom magnet (the magnet made it possible for the box to move with the cylinder when the latter was pulled by the experimenter's hand). The bottom surfaces of the cylinder and the box were covered with felt so they both slid smoothly and silently across the Plexiglas on the apparatus floor. The front 2.5 cm of the cylinder's right end protruded from the box's left corner; this protrusion was designed to make clear to the infants that the cylinder and box were adjacent. In its starting position, the box was 17.5 cm from the front edge of the apparatus and 31.5 cm from the right wall; the cylinder was 28 cm from the front edge of the apparatus and 33.5 cm from the left wall. Together, the cylinder and box subtended about 30°(horizontal) and 27°(vertical) of visual angle from the infants' viewpoint.
In each test event, the cylinder was pulled to the side by an experimenter's right hand wearing a 59-cm-long lavender spandex glove. The hand entered the apparatus through an opening 55.5 cm high and 37.5 cm wide in the left wall. This opening was partially hidden by a white muslin curtain; the curtain and the experimenter were positioned in such a way that the infant could not see the experimenter's face through this opening.
At the beginning of the experiment, the infants were given a brief exposure to the white circles box. This box was identical to the test box in color and dimensions, but was decorated with white adhesive paper circles of approximately the same size and in the same positions as the white squares on the test box.
The infants were tested in a brightly lit room. Four clip-on lights (each with a 40-W light bulb) were attached to the back and side walls of the apparatus to provide additional light. Two wooden frames, each 200 cm high and 69 cm wide and covered with blue cloth, stood at an angle on either side of the apparatus. These frames served to isolate the infants from the experimental room. At the end of each trial, a curtain consisting of a white muslin-covered frame 57 cm high and 98 cm wide was lowered in front of the opening in the front wall of the apparatus.
Events
Move-together event. At the start of each test trial, the experimenter's right hand rested on the floor of the apparatus about halfway between the cylinder and the opening in the left wall. After a 1-s pause, the hand grasped the cylinder (1 s) and pulled it 14 cm to the left at the approximate rate of 7 cm/s (2 s).
2 The cylinder and box moved as a single, rigid unit with no slight movements of one object relative to the other. The hand paused for 1 s and then pushed the cylinder and the box back to their starting positions (2 s). The hand then resumed its initial position on the apparatus floor (1 s). Each event cycle thus lasted about 8 s. Cycles were repeated without stop until the computer signaled that the trial had ended (see below). When this occurred, a second experimenter lowered the curtain in front of the apparatus.
Move-apart event. The Move-apart event was identical to that just described except that only the cylinder moved: The box remained stationary throughout the trial (see Fig. 1 for a depiction of these events).
Procedure
During the experiment, each infant sat on his or her parent's lap in front of the apparatus. The infant's head was approximately 63.5 cm from the box.
The infant's looking behavior was monitored by two observers who viewed the infant through peepholes in the cloth-covered frames on either side of the apparatus. The observers were not told and could not determine whether the infants RECOGNITION AND SEGREGATION 9 were watching the Move-apart or the Move-together event.
3 Each observer held a joystick connected to a Gateway 2000 4DX2-66 computer and depressed the trigger when the infant attended to the events. Each trial was divided into 100-ms intervals, and the computer determined in each interval whether the two observers agreed on the direction of the infant's gaze. Interobserver agreement was calculated for each trial on the basis of the number of intervals in which the computer registered agreement of the total number of intervals in the trial. Agreement in this experiment and in subsequent experiments averaged 91% or more per trial per infant. The input from the primary (more experienced) observer was used to determine the end of the trials.
Each infant first received a brief familiarization trial featuring the white circles box. The white circles box was shown with a corner facing the infants to emulate the orientation of the test box in the test display. At the start of this trial, the experimenter's gloved right hand rested on the apparatus floor about halfway between the box and the opening in the left wall. After a 1-s pause, the hand grasped the box at its center and lifted it about 11 cm above the apparatus floor (1 s). The hand then tilted the box alternately to the right and to the left, holding each position for 1 s. The trial ended when the infant accumulated 5 s of looking at the moving box.
Following the familiarization trial, each infant saw either the Move-apart or the Move-together test event on six successive trials. 4 Each test trial ended when the infant (a) looked away from the event for 2 consecutive s after having looked at it for at least 8 cumulative s or (b) looked at the event for 60 cumulative s without looking away for 2 consecutive s.
Each infant in this experiment completed the entire set of six test trials.
Results and Discussion
Preliminary Analyses
Preliminary analyses revealed that there was not a significant effect of the infants' sex on their looking times at the test events [F(1, 12) = 4.50, p > .05], nor 10 AMY NEEDHAM 3 Many of the experiments reported in this article were run simultaneously (there were always at least two simultaneous conditions involving different familiarization displays as well as two different events being run), making it difficult for observers to determine which familiarization object (purple box, red squares box, etc.) or event (Move-apart or Move-together) the infant was seeing. Immediately following the experimental session, the primary observer was asked to guess which event the infant had seen. For 45 of these 96 sessions, the primary observer correctly guessed which event the infant had seen. This level of accuracy (47%) is at chance (50%). These results indicate that observers were unable to determine which event the infant was watching during the experiment. 4 As in Needham and Baillargeon (1998) , and all of the other research conducted on object segregation in my lab, a between-subjects design was used: Each infant saw either the Move-apart or the Move-together test event. Because we assume that the infants are responding to the test event relative to their initial interpretation of the display during the familiarization trial (and we do not want to open up the possibility of elevated levels of looking being a result of surprise that the nature of the display as one or two objects changed between trials), we believe it is important to show each infant only one of the possible compositions of the display.
was there a significant interaction between Trial and Event [F(5, 70) = 1.21, p > .05). The data were therefore collapsed over these two variables in subsequent analyses.
Main Analyses
The infants' looking times were analyzed by means of a one-factor analysis of variance (ANOVA) with Event (Move-apart or Move-together) as a between-subjects variable. This analysis yielded no reliable effects, indicating that the infants looked about equally whether they saw the Move-apart (M = 27.6; SD = 7.7) or the Move-together (M = 26.4; SD = 7.8) test event [F(1, 14) = 0.09].
Further Analyses
A further analysis was conducted to compare the infants' looking times at the test events in this experiment with those of the infants in Needham and Baillargeon (1998) who were shown the test box (blue box with white squares) in the familiarization trial rather than the blue box with white circles. These two studies were exactly the same except that one group saw the test box in the 5-s familiarization trial and the other saw the white circles box in this familiarization trial immediately prior to testing. This analysis revealed a significant effect of Familiarization box [F(1, 28) = 9.76, p < .005], with the infants who saw the test box (M = 36.2, SD = 10.4) watching reliably longer in test overall than the infants who saw the white circles box (M = 27.0, SD = 7.5). This effect can be understood further by looking at the marginally significant interaction between Familiarization box and Event [F(1, 28) = 2.69, p = .11], indicating a different pattern of response to the test events in the two groups. The infants who saw the test box in the 5-s familiarization trial looked reliably longer at the Move-together (M = 41.3, SD = 11.7) than at the Move-apart (M = 32.2, SD = 7.8) test event [F(1, 28) = 4.10, p < .05], while the infants who saw the white circles box in the 5-s familiarization trial looked about equally at the two events [Move-together M = 26.4, SD = 7.8; Move-apart M = 27.6, SD = 7.7; F(1, 28) = 0.52].
To summarize, the infants who saw the test box alone prior to testing seemed to use this prior experience to segregate the test display into two units. These infants looked reliably longer at the Move-together than at the Move-apart test event. In contrast, the infants who saw the white circles box prior to testing showed a markedly different pattern of response, looking about equally at the Move-together and Move-apart events. This latter pattern of response to the test events is the same pattern observed in previous research when the infants had received (a) prior experience with the entire test display or (b) no prior experience with an object relevant to the test display. So, unlike the infants who saw the test box in the 5-s familiarization trial, the infants who saw the white circles box seemed not to apply this prior experience to their perception of the test display. It is striking that, in identical testing contexts, such a small change in the familiarization object would be noticed by the infants and could make such a difference in their responses to the test events.
RECOGNITION AND SEGREGATION
Although the more common test of discrimination involves a simple habituation-dishabituation paradigm, a finding that infants can discriminate between the white circles box and the test box in such a context would be open to the criticism described by Quinn (1998) : that the lengthy exposure infants receive in a typical habituation study may allow infants to discriminate between items that they are unable to discriminate within the testing context used in the main experiment. Because the infants in the main studies in this research only received a 5-s exposure to the test box, testing discrimination between the boxes should be carried out after 5 s of familiarization with the boxes.
These results also support the hypothesis put forth by that recognition-based segregation could be a quick and direct route to parsing a display, but other forms of analysis involved in object segregation could be much more time-and resource-intensive. Evidence in favor of this hypothesis has come from a number of studies (Needham, 1998 (Needham, , 1999 Needham & Baillargeon, 1998) in which infants were not given a familiarization trial featuring the stationary display prior to testing. In a situation such as this one, in which infants may not have sufficient time to form an interpretation of the display prior to the time its composition is revealed through motion, infants tend to show no reliable preference for either test event (even if they do show a preference when given one or more familiarization trials).
According to this hypothesis, infants in the present research may benefit from some additional time during which they could study the test display and perhaps compare their representation of the previously seen object to the (now visible) test display. If infants need this time to analyze the test display within the context of their prior experience, they may use a prior experience with a similar object to segregate the test display when given additional time to study the test display prior to testing.
EXPERIMENT 2
To investigate this possibility, Experiment 2 investigated infants' use of the same prior exposure to the white circles box as in Experiment 1, but with a second familiarization trial inserted between the initial brief familiarization trial and the test trials. In this second familiarization trial, the stationary test display was presented for 10 to 30 s. The infants in previous research (Needham & Baillargeon, 1998 ) who received only one familiarization trial featuring the entire test display prior to testing did not segregate the test display into two separate units; thus, this experience should provide no additional information that infants this age could use to segregate the test display. Rather, this additional time could be essential for infants to fully process the familiarization and/or test display.
Thus, the rationale behind the new method is as follows. If infants would not use a prior experience with a box that differed even slightly from the test box (as the white circles box did), giving infants additional time to study the stationary test display should not affect their performance in the test events: The infants should look about equally at the Move-apart and the Move-together test events, as they did in Experiment 1. However, if the infants would use a prior exposure to a box similar to the test box to segregate the test display as long as they had enough time to process the information encoded in this first trial, to compare what they saw in the first familiarization trial with the test display and/or to determine whether the box seen in familiarization was similar enough to the test box to be relevant for the task, the inclusion of this time to study the test display should result in reliably longer looking at the Move-together than at the Move-apart event.
Method
Participants
The participants were 16 healthy, full-term infants (8 females, 8 males) ranging in age from 4 months, 7 days to 5 months, 9 days (M = 4 months, 24 days; SD = 12.1). Half of the infants saw the Move-apart test event (M = 4 months, 28 days; SD =10.9) and half saw the Move-together test event (M = 4 months, 20 days; SD = 12.6). Data from five additional infants were collected and eliminated: one due to fussiness, one due to procedural error, one due to the infants' preoccupation with looking at one of the observers, and two due to observer disagreement regarding the infant's direction of gaze.
Apparatus, Events, and Procedure
The apparatus, events, and procedure used in Experiment 2 were identical to those used in Experiment 1 with the following exceptions. After the initial 5-s familiarization trial featuring the white circles box, the infants were given a familiarization trial featuring the entire stationary test display. Previous research indicates that familiarization to this display did not facilitate the segregation of the test display in infants this age (Needham & Baillargeon, 1998) . The familiarization trial continued until the infants (a) looked away from the display for 2 consecutive s after looking at the display for 10 cumulative s or (b) looked at the display for 30 cumulative s without looking away for 2 consecutive s. These parameters are the same that were used in the familiarization trial in previous research and it did not facilitate infants' segregation of the test display.
One of the infants in this experiment completed only five of the six test trials because of distraction by extraneous noise. This infant's looking times on the five trials he did complete were included in the analyses.
Results and Discussion
Preliminary Analyses
Preliminary analyses revealed that there were no reliable differences in the looking times during the second familiarization trial for the infants who would see 
Main Analyses
The infants' looking times at the test events (shown in Fig. 2 ) were analyzed as in Experiment 1. This analysis yielded a significant effect of Event, indicating that the infants looked reliably longer at the Move-together (M = 39.2; SD = 9.7) than at the Move-apart (M = 29.8; SD = 7.3) test event [F(1, 14) = 4.79, p < .05]. These findings suggest that the infants were able to use their prior exposure to the box seen during the initial familiarization trial to segregate the test display into two separate units. Thus, presumably, the difference between the blue box with white circles and the blue box with white squares was minimal enough for the infants to use their exposure to the former box to see the latter box as distinct from the cylinder in the test display, as long as there was time between the initial familiarization and test for the infants to study the test display. Why did infants use their prior experience with the white circles box when they were given the chance to study the test display prior to testing but not when the test trials immediately followed the familiarization trial? One possibility is that when there is a perfect match between the initially seen and subsequently seen 14 AMY NEEDHAM 5 It was important to compare the results of Experiment 1 with the existing results of Needham and Baillargeon (1998) in order to address the question of whether the infants could perceive the difference between the white circles box and the test box. However, because the procedure was changed between Experiments 1 and 2 (with the addition of the 10-to 30-s familiarization trial between the 5-s familiarization trial and the test trials), a direct statistical comparison between the findings of Experiments 2-6 and those of Needham and Baillargeon (1998) would not be meaningful.
FIG. 2.
Mean looking times at the Move-apart and Move-together events of the infants who were shown the white circles box for 5 s in the initial familiarization trial of Experiment 2. The infants looked reliably longer at the Move-together than at the Move-apart event, indicating that they used their prior experience with the white circles box to segregate the test display into two separate units.
boxes (as in Needham & Baillargeon, 1998) , this match is immediately apparent and infants do not need this comparison time. In contrast, when there are differences between the initial and subsequent views of the object, infants may need time to compare the test display with their representation of the previously seen object to determine their similarity. Perhaps having prior experience with one of the test objects is a special situation in which this normal comparison process is not necessary (see for an elaboration of this theory).
EXPERIMENT 3
To provide confirmation that this slightly altered methodology was in fact assessing the same process as prior research, the procedure used in Experiment 2 was again used in Experiment 3, but infants were presented with the test box in the initial 5-s familiarization. However, to gain as much information as possible from this one study, the test box was presented in a different orientation than it would appear in as part of the test display. Instead of the upright corner view of the box the infants received during familiarization in the first two experiments (to emulate the position of the box in test), the box was laid down on the floor of the apparatus (so that its primary axis was perpendicular to the infants' line of sight and presented a horizontal, rather than a vertical, orientation of the box). If the infants would use this prior exposure to the test box (despite the difference in spatial orientation) to segregate the test display, they should see the test display as composed of two separate units and look longer at the Move-together than at the Move-apart event. However, if this difference in the spatial orientations of the box seen during familiarization and test was too pronounced (or if the slightly altered methodology was somehow inappropriate for investigating these questions), the infants would presumably not apply the information they received during the familiarization trial to the segregation of the test display, and they would look about equally at the Move-together and Move-apart events.
Method
Participants
The participants were 16 healthy, full-term infants (8 females, 8 males) ranging in age from 4 months, 9 days to 5 months, 4 days (M = 4 months, 21 days; SD = 8.9). Half of the infants saw the Move-apart test event (M = 4 months, 20 days; SD = 9.2) and half saw the Move-together test event (M = 4 months, 22 days; SD = 9.2). Data from three additional infants were collected and eliminated: two due to procedural error and one due to observer disagreement regarding the infant's direction of gaze.
Apparatus, Events, and Procedure
The apparatus, events, and procedure used in this experiment were identical to that used in Experiment 2 with the following exceptions. The test box was used for RECOGNITION AND SEGREGATION the first familiarization trial. During this trial, the test box lay on one of its long sides, with its primary axis perpendicular to the infants' line of sight, in the center of the apparatus floor. The hand did not enter the apparatus during this trial; the box remained stationary in this horizontal orientation throughout the trial. 6 Two of the infants in this experiment completed only five of the six test trials because of fussiness. These infants' looking times on the five trials they did complete were included in the analyses.
Results
Preliminary Analyses
Preliminary analyses revealed that there were no reliable differences in the looking times during the second familiarization trial for the infants who would see the Move-apart (M = 17.9; SD = 5.6) versus the Move-together test event (M = 19.0; SD = 5.7) [F(1, 14) = 0.14]. Preliminary analyses of the test data showed that there was not a significant effect of the infants' sex on their looking times at the test events [F(1, 12) = 1.52, p > .05], nor was there a significant interaction between Trial and Event [F(5, 70) = 1.11, p > .05]. The data were therefore collapsed over these two variables in subsequent analyses.
Main Analyses
The infants' looking times at the test events (shown in Fig. 3 These results lead to a few conclusions. First, they suggest that the slightly altered method used in this research can produce results that replicate previous research (Needham & Baillargeon, 1998) . And second, even quite noticeable changes in the spatial orientation of the box did not prevent infants' use of their prior experience to segregate the test display. Therefore, one might wonder whether infants would tolerate more substantial featural differences between the familiarization and test boxes than that studied in Experiment 2. In the next experiment, infants were given a brief prior exposure to a box that shared fewer of the test box's features.
AMY NEEDHAM
6 One difference between this experiment and the others in this article was that the box was not moved during the first familiarization trial. Although one might be concerned that this difference could in itself alter the infants' responses to the test events, data from other experiments using the same procedure as the current studies suggest that this possibility is unlikely. In these experiments (Needham & Lockhead, 1999) , infants saw either two or three stationary boxes in the first familiarization trial (see General Discussion). The results showed that simultaneous viewing of three different boxes (the yellow squares box, the red squares box, and the purple box used in the current research) facilitated infants' segregation of the test display, but seeing three identical boxes (three copies of the yellow squares box) did not. These and other results from this set of studies suggest that (a) infants do process the features of stationary objects sufficiently to succeed in this kind of task and (b) infants may overcome the limitations in their use of prior experiences with objects seen in the present research by using more general representations of groups of objects.
In Experiment 4, the familiarization box was presented in the same orientation as the test box would be seen, but it was different from the test box in color and pattern. The "purple box" had a purple background rather than the light blue of the test box and had yellow circles rather than the white squares of the test box.
As in prior experiments, the rationale was that if infants applied their experience with the purple box to the segregation of the test display, they should look reliably longer at the Move-together than at the Move-apart event. In contrast, if the infants did not apply their prior experience to the segregation of the test display (presumably because of the featural differences between the purple box and the test box), the infants should look about equally at the Move-apart and Movetogether test events.
Method
Participants
The participants were 16 healthy, full-term infants (8 females, 8 males) ranging in age from 4 months, 7 days to 5 months, 3 days (M = 4 months, 21 days; SD = 7.4). Half of the infants saw the Move-apart test event (M = 4 months, 19 days; SD = 5.8) and half saw the Move-together test event (M = 4 months, 23 days; SD = 8.4). Data from one additional infant was collected and eliminated, due to procedural error.
Apparatus, Events, and Procedure
The apparatus, events, and procedure used in Experiment 4 were identical to those of Experiment 2 with the following exceptions. The box seen during the RECOGNITION AND SEGREGATION 17
FIG. 3.
Mean looking times at the Move-apart and Move-together events of the infants who were shown the test box in the horizontal orientation for 5 s in the initial familiarization trial of Experiment 3. The infants looked reliably longer at the Move-together than at the Move-apart event, indicating that they used their prior experience with the test box in a different orientation to segregate the test display into two separate units.
first familiarization trial was covered with purple construction paper and small (approximately 1.5 cm in diameter) yellow circles in the same arrangement as the white squares on the test box. As in Experiments 1 and 2 the purple box was shown upright with a corner facing the infants to emulate the orientation of the test box in the test display.
Two of the infants in this experiment completed only five of the six test trials because of fussiness. These infants' looking times on the five trials they did complete were included in the analyses.
Results and Discussion
Preliminary Analyses
Preliminary analyses revealed that there were no reliable differences in the looking times during the second familiarization trial for the infants who would see the Move-apart (M = 16.4; SD = 7.6) versus the Move-together test event (M = 18.5; SD = 9.0) [F(1, 14) = 0.26]. Preliminary analyses of the test data showed that there was not a significant effect of the infants' sex on their looking times at the test events [F(1, 12) = 1.7, p > .05], nor was there a significant interaction between Trial and Event [F(5, 70) = 0.37]. The data were therefore collapsed over these two variables in subsequent analyses.
Main Analyses
The infants' looking times at the test events were analyzed as in Experiment 1. This analysis produced no reliable effects, indicating that the infants looked about equally whether they saw the Move-apart (M = 33.4; SD = 7.4) or the Movetogether (M = 29.3; SD = 8.1) test event [F(1, 14) = 1.12, p > .05].
These results indicate that, although a brief prior exposure to the test box or a box highly similar to the test box seems to enable infants' segregation of the cylinder-and-box display into two separate units, a brief prior exposure to a box of a different color and pattern does not. One possible explanation for this discrepancy is that the facilitation in object segregation provided by a prior exposure to a similar object is dependent on how similar this object is to the test object. Thus, perhaps the purple box was too different from the test box to allow infants to use the experience to segregate the test display. Experiment 5 investigated this possibility by using a familiarization box that was more similar to the test box.
EXPERIMENT 5
Experiment 5 investigated infants' use of a prior exposure to a box that was more similar to the test box than the purple box used in Experiment 4. The familiarization box was the same as the test box in practically every way except for the color of the texture elements on the box. The squares that were white on the test box were red on the red squares box.
As in prior experiments, the rationale was that if infants applied their prior experience with the red squares box to the segregation of the test display, they should look reliably longer at the Move-together than at the Move-apart event. In contrast, if the infants did not apply their prior experience to the segregation of the test display (presumably because of the featural differences between the red squares box and the test box), the infants should look about equally at the Moveapart and Move-together test events.
Method
Participants
The participants were 16 healthy, full-term infants (8 females, 8 males) ranging in age from 4 months, 8 days to 5 months, 8 days (M = 4 months, 22 days; SD = 10.5). Half of the infants saw the Move-apart test event (M = 4 months, 19 days; SD = 10.8) and half saw the Move-together test event (M = 4 months, 26 days; SD = 9.7). No additional infants were tested for this experiment.
Apparatus, Events, and Procedure.
The apparatus, events, and procedure used in Experiment 5 were identical to those used in Experiment 4 with the following exceptions. In the initial familiarization trial, the infants were shown the red squares box rather than the purple box. The red squares box was identical to the test box in background color and dimensions, but its squares were red rather than white. The red squares were made of the same kind of plastic tape and were approximately the same size and in the same positions as the white squares on the test box. As in Experiments 1, 2, and 4, the red squares box was shown upright with a corner facing the infants to emulate the orientation of the test box in the test display.
Results and Discussion
Preliminary Analyses
Preliminary analyses revealed that there were no reliable differences in the looking times during the second familiarization trial for the infants who would see . Such an effect might be driven by the infants' initial fleeting impression that the box should be separate from the cylinder, which infants may abandon after the first several cycles of the event. Because it is not clear that this interaction is a theoretically meaningful difference in the data, we chose to collapse over the variables of Trial and Sex in subsequent analyses.
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Main Analyses
The infants' looking times at the test events were analyzed as in Experiment 1. This analysis produced no reliable effects, indicating that the infants looked about equally whether they saw the Move-apart (M = 30.0; SD = 16.7) or the Movetogether (M = 30.6; SD = 13.3) test event [F(1, 14) 
These results suggest that the infants did not use their prior exposure to the blue box with red squares to segregate the test display into two separate units. As the rationale behind Experiment 4 suggested, we sought once again to make the box seen during the initial familiarization trial more similar to the test box.
EXPERIMENT 6
In Experiment 6, the color of the square texture elements of the familiarization box was changed from red to yellow (the "yellow squares box"). The rationale for this manipulation was that the red squares on the familiarization box in Experiment 5 could have been too attractive or distracting for the infants to notice the many similarities between the familiarization and test boxes. It was hypothesized that the yellow squares box would seem more similar to the test box than the red squares box used in Experiment 5. It was expected that making the familiarization box more similar to the test box could have led the infants to use their prior experience with this object to segregate the test display into two separate units.
Method
Participants
The participants were 16 healthy, full-term infants (8 females, 8 males) ranging in age from 4 months, 7 days to 5 months, 7 days (M = 4 months, 21 days; SD = 9.6). Half of the infants saw the Move-apart test event (M = 4 months, 22 days; SD = 9.8) and half saw the Move-together test event (M = 4 months, 19 days; SD = 9.9). Data from three additional infants was collected and eliminated: two due to procedural error and one due to observer disagreement regarding the infant's direction of gaze.
Apparatus, Events, and Procedure
The apparatus, events, and procedure used in Experiment 6 were identical to those used in Experiment 5 with the following exceptions. In the initial familiarization trial, the infants were shown a blue box with yellow squares rather than a blue box with red squares. The blue box itself was identical to the test box in color and dimensions; the yellow squares were made of the same kind of plastic tape and were approximately the same size and in the same positions as the white squares on the test box. As in Experiments 1, 2, 4, and 5, the yellow squares box was shown upright with a corner facing the infants to emulate the orientation of the test box in the test display.
Results and Discussion
Preliminary Analyses
Main Analyses
The infants' looking times at the test events were analyzed as in Experiment 1. This analysis produced no reliable effects, indicating that the infants looked about equally whether they saw the Move-apart (M = 35.3; SD = 13.8) or the Movetogether (M = 33.7; SD = 13.7) test event [F(1, 14) = 0.05].
The infants in this experiment did not apply their experience with the yellow squares box to the segregation of the test display. As was the case in Experiments 4 and 5, the blue box with yellow squares was apparently not similar enough to the test box to allow the infants to apply their experience with this box to their segregation of the test display.
GENERAL DISCUSSION
These six experiments explored the ways in which infants' segregation of a display is affected by prior exposure to an object similar to part of the test display. Experiments 1 and 2 showed that infants need time to compare their representation of the first box with the test box in order to make use of the prior experience to segregate the display into two separate units. In addition, these studies showed that very small featural changes between the familiarization and test boxes did not keep infants from using their prior experience with the former to segregate the display containing the latter. Experiment 3 showed that a change in the spatial orientation of the test box (i.e., from horizontal to vertical) did not disrupt infants' use of prior experience to segregate the test display. Experiments 4-6 showed that changes in the features of the box as small as changing the texture elements on the box from yellow squares to white squares did disrupt infants' use of prior experience to segregate the test display.
The results of these experiments suggest that discrepancies in the featural properties between the initial and subsequent views of the objects seem to disrupt infants' use of their prior experience with the familiarization box to segregate the test display. These findings are consistent with the existing literature on recognition memory in infancy (e.g., Rovee-Collier, 1993) , which suggest that even small changes in the features of an object disrupt infants' recognition of a previously seen object. Thus, these findings suggest that infants' success in using their prior experience to segregate a display may be mediated by their recognition of a portion of the test display. Infants seem to encode much about the features of an object during an initial brief view: Infants require a close match in features between their representation of the previously seen object and the test display to bring to bear the former to segregate the latter. In contrast, a change in spatial orientation of the test box between familiarization and test did not prevent infants from applying their prior experience with the test box to the segregation of the test display.
This pattern of results could be related to infants' basic conceptions of what an object is. Because featural information is critical for determining object identity, infants may attend to the perceptual features experienced in their initial and subsequent encounters with an object quite closely. However, because information about spatial orientation is less important for determining object identity (as long as changes in spatial orientation do not drastically affect the appearance of the object; see Tarr, 1995) , this information may not be closely attended to. By 4.5 months of age, infants may already know that changes in (at least some) features typically signal changes in identity, whereas changes in spatial orientation do not (see also Wilcox, 1999 , but see Xu & Carey, 1996 , for an alternate view).
One might wonder how often infants would have the opportunity to make use of their prior experiences to segregate displays, when these prior experiences must be with an object nearly identical to part of the test display. Ongoing research in my lab is exploring two factors that may make infants' prior experiences more broadly useful than the present research would indicate. First, the research of Rovee-Collier suggests that while detailed information about the features of previously seen objects is available soon after they are seen, this information slowly fades away, leaving infants' memories of previously seen objects more general than when they were first formed (Rovee-Collier, 1993) . Infants may make use of a prior experience with one of the similar boxes used in this research if the prior experience came 24 h prior to testing rather than immediately prior to testing.
Second, we are exploring infants' use of category information when segregating a display. Our findings suggest that even though infants did not apply prior experience with the purple box, the red squares box, or the yellow squares box to the segregation of the test display, when infants are shown all three of these boxes simultaneously in the initial 5-s familiarization trial, infants do use this information (Needham, Dueker, & Lockhead, 2000) . In this case, we believe that infants may be generalizing over these three category instances to form a categorical representation that is broad enough to include the test box. When they see the test display, they apply this category knowledge to the segregation of the objects in the display and determinethatthereshouldbeaboundarybetweenthecylinderandbox.Interestingly, infants' segregation of the test display was not facilitated by prior exposure to three identical boxes (the yellow squares box from the current research) or prior exposure totwoofthethreedifferentfamiliarizationboxes.Thus,receivingpriorexposuretoat least three different exemplars of a "category" of items may be necessary for infants to form and make use of a more general, categorical representation.
Remarkably little is known about the processes governing object recognition in infancy. This is surprising, given that the absence of language may make the visual (or tactile) recognition of objects an even more important part of an infant's day-to-day experience than an adult's. Research into this question will bring us closer to an understanding of how infants build a base of knowledge about objects during the first years of life that helps them recognize specific objects they have seen before, to identify a new object as a type of object with which they are familiar, and to collect knowledge about the objects in their world.
